Control of movements and deformations is based on the comparison between surveys repeated in different times and in particular on the determination of a certain number of points. The topographical method represents one of the possible solutions in order to reach such an aim. A control network is constituted by reference points (located in stable zones) and control points (located in unstable zones). The movements can be of two kinds: "relative" between the control points (network deformations) and "absolute" (control points respective to the reference network). Its necessary, therefore, to estimate, during the time, the stability of reference points. In this work the stability of reference networklocated in Senerchia (Southern Italy) and constituted for the monitoring of a landslide area with static GPS -has been investigated. Both the classical and the Bayesian statistical analysis have been executed on the network in order to identify small movements in comparison with accuracy of the measurements. The application of the Bayes theory on the network has confirmed its stability.
Network in deformation analysis
Control of movements and deformations is based on the comparison between surveys repeated in different times and particularly on the determination of the variation between the position of the points at the beginning and at the end of the considered period. The topographical method represents one of the possible ways to reach this aim. It can synthetically be summarized in the following phases: choice of the technique and instrumentation to be used, planning of the network configuration, monumentation of the vertexes, execution of the measurements (manuals/automatic), data processing, deformation analysis using statistical inference, optimization of geodetic network. Nowadays the development of technology allows a great range of solutions for survey execution (digital levelling, motorized TPS, laser scanners, SAR, GPS with RTK transmission): our survey has been performed with GPS instrumentation. Static GPS is the most adopted method, especially when high precision is requested: the standard precision in relative positioning is 10 -6 D or 10 -7 D in some experiences, with particular elaborations and satellite configurations. GPS acquisition.
In deformation analysis, the optimal network configuration has a strategic role to reach desired accuracies, to define an efficient program of measurements, to establish a proper mathematical model for the description of investigated phenomena. A topographical network must be planned keeping in mind that it is necessary to effect measurements in hyper determined number, in order to reach evaluation of measurements uncertainty and of standard deviations. The redundant scheme of the network allows to make a preliminary analysis, with the aim to determine the presence of gross errors, and, in second phase, the network adjustment with the aim to get 3D points position and the estimated value of the accuracies with which they has been determined. In this paper the adjustment method is based on Gauss-Markov model. At the end of the adjustment process, it can be determined the interval of confidence for the respect of the position of every unknown point of the network (error ellipse/ellipsdoids). The analysis of the residuals is not enough to individualize gross errors: Date Snooping method (Baarda, [12] ) proposes the use of normalized residuals of the measurements and local redundancy (contribution of every single observation to the general redundancy of the network). Control network is constituted by reference vertexes (points situated in stable zones) and by control vertexes (points situated in not stable zones, inside the monitoring zone). There are two typologies of movements: relative among the control points (deformations of the control network) and absolute (control points in comparison to a stable structure or to the reference frame. It's important, therefore, to appraise, during the time, the stability of the reference vertexes. In this paper, the aim is to verify the stability a control network, constituted for monitoring a landslide area. The investigation results interesting especially for the particular location of a point. 
Experimental test
Experimental test has been effected using campaigns of measurements related to the landslide of Serra dell' Acquara-Vadoncello, Senerchia (SW Italy).
The aim is to verify the application of the theoretical studies to a series of observations of control network, obtained using modern techniques of survey. The area of study is located in a zone of the southern Appennino, characterized by catastrophic events in 1980 and 1996, due to unstable nature of the area. The choice of such site is tied up to the presence of database coming from research works effected in the past years: data have been compared and integrated with those coming from the surveys directly effected. In this context, it is inserted the topographical study of the zone, finalized to the geodetic monitoring of small control network constituted by five vertexes.
The particular location of vertex T4 (outside the landslide area of 1993 but inside the 1980 surface) requests a closer examination during the analysis, justifying the chance to use innovative tools/theory in the analysis of the observations (Bayes theory). The objective is to verify the stability of all the vertexes retained fixed and used as stations of distantiometric measurements to control position of points belonging to the landslide mass. Reference vertexes have been materialized through the construction of specific 3D concrete monuments (circular section 30 cm, height 120 cm) for the stable positioning of GPS antenna. During survey campaigns the following instrumentation has been used:
• n° 2 LEICA GPS1200 (GX1230, 12 L1s + 12 L2s / WAAS / EGNOS) with Smart Track antenna AX 1202, Ground incorporated plane; • n°1 GPS LEICA System 500-SR530 double frequency (L1 codes C/A; L2 code P), antenna AT502, controller TR500;
Vertex T4 of the network.
• n°2 GPS Trimble 4700 (L1 code C/A,) with controller TSC1;
• n°1 Smartstation with Smart Antenna. Use of Smartstation has allowed one to integrate GPS survey, primary source of data in the experimental test, with classical topographical data: angles and distances. Every GPS survey has been conducted in 3 independent static sessions, duration of 45 minutes. The tools rate has been planned of 10 seconds. The satellite configuration and the climatic conditions are optimal during the whole execution of survey operations. Download and post-processing phase have been executed in Geomatics Laboratory of Polytechnic of Bari, using software furnished with the receivers (Leica Geo Office 2.1 and Trimble Geomatics Office 1.01). All the data have subsequently imported in the second application to perform treatment according to the "single base" approach. At the end, the test of ratio has performed: it has broadly been always overcome the limit of 1.5 for GPS measurements. The network adjustment has been executed with least square method.
Classical analysis of the network movements
It has been decided to conduct on control points both the classical and the Bayesian analysis. While classical analysis has the purpose to quantify the entity of movements, the Bayesian approach has the purpose to identify the zones interested by significant movements. The simplification of the statistic problem is a necessary condition to allow the comparison among the results: therefore, the coordinates (N, E, h) of every vertex Pj (j=1,... ,5) of the network have been considered separately . The first hypothesis consists of considering not correlated coordinates in space and time (among the different sessions of measurements). 
The calculation has been effected considering all the sessions of measurements that are divided in: GPS data coming from the effected surveys (fifth and sixth session); GPS data coming from a series of campaigns of measurements (first 4 sessions) conducted starting from the 1996.
Sessions of measurements are totally 6: all data are the result of network adjustment effected with least square method. Classical analysis furnishes unequivocal results on the planimetric coordinates, because the values of Z oss are inferior to the threshold value (1.96) denoting absence of movement. Some problem arises on the height, as it was possible to expect for GPS observations characteristics.
Bayesian analysis for the movements of the network
In Bayesian analysis, the only coordinate h got by the network adjustment in different times has been considered: classical analysis is not able to clearly define the vertical behavior of control vertexes. The quantities to be considered therefore, are movement ∆h among the different sessions of all the not-fixed points:
( ) ( ) ZOSS reported to the E, N and h coordinates.
We can suppose that ∆h follow a normal distribution:
Parameters of this distribution are average (unknown) and the known variance factor that is obtained by the effected least square adjustment. For every point of the network we have:
δ is an aleatory variable, distributed according to a normal density of probability, of average µ and variance 2 0
Parameters of this distribution (prior function of Bayesian theory), are information of the problem (they will have been fixed during the numerical analysis). Since we effect an analysis of vertical movements of points in landslide area, it is supposed that the movements are void or downward. Then, considering an axle opportunely directed, it is reasonable to impose previously a further condition:
This condition becomes complicated to impose in classical inference. Bayesian theory, explicited all the terms, is: The analysis of the movements through the Bayesian approach can reduce then to the comparison between the two quantities:
From the comparison between the two quantities above, it is to be verified which of the two alternatives has greater probabilities to verify: Bayesian analysis.
In classical analysis the statistic test has been performed considering a level of significance α =5%. The interpretation of the results in the Bayesian analysis happens as shown in Figure 7 .
Six different elaborations have been effected, according to the initial hypotheses, always considering the only h coordinate, using a simplified model and selecting different values of prior data. They calculated the values of P(dh>0) consequential from the comparison of all the measurement sessions with the first assumed as reference.
Later, we present the results deriving from the sixth elaboration (Figure 8 ), in which we consider the following data prior: σ 0 = 0.05 m for every network vertex, µ equal to the average of the ∆h in correspondence of every vertex . Prior data has been select exploiting the accumulated experience and knowledge of the phenomenon coming from a first analysis of raw data. It immediately emerges that, in all the elaborations, the numerical value of P(dh>0) calculated for network vertexes underlines that the relative movement is "not significant". The doubts appeared after the application of classical analysis has been resolved: there is no vertical movement of the vertexes.
Conclusions
The application of Bayes theory on the network has confirmed its stability during the time: significant movements are not present. The vertexes are stable and therefore usable as stations of measurements to control points position in landslide area. The application is limited only to the vertical direction because of classical analysis has already clarified the absence of planimetric movements. Results coming from Bayesian analysis are characterized by great coherence: also varying some prior data they appear stable. It is clarified, with Bayesian analysis, the behaviour of T4 vertex but it appears a necessary constant monitoring on it, due to its particular positioning. The application of Bayes theory is efficient for the aim of this paper: information insertion (critical phase of the procedure) has allowed to conduct a statistical analysis finalized to detect small movements in comparison to the standard deviation of the residuals.
This method must not be considered as substitutive of classical analysis but integrative, because it uses the values of the parameters got with least square method. The difficulty of the Bayesian approach is to fit probability distribution to data and to make inferences from parameter distributions.
